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Reaction Mechanism and Interphase Mass Transfer of CO, from
Biogas by Hot Potassium Carbonate Solvent

ZHANG Liangquan ZHENG Maoying MAO Yanhao GAI Xikun YANG Ruiqgin SHAN Shengdao
(School of Biological and Chemical Engineering, Zhejiang University of Science and Technology, Hangzhou 310023, China)

Abstract: Through chemical equilibrium thermodynamics analysis of CO, gas-liquid absorption process,
the number of independent reactions in the absorption reaction system was calculated and a four-
independent reaction hypothesis was presented. According to the calculation of the independent reaction
equilibrium constants, ionization of H,CO, into H" and HCO, was postulated. Although the equilibrium
constant was 6. 0189 x 10 ™7, the concentration of H* ions was still very low due to the large presence of
CO:™ ions in the solution, such that the ionization degree of H,CO, can not be ignored. Moreover, it was
proposed that the reaction mechanism of CO, gas-liquid absorption was a serial-parallel complex. The
absorption rate of CO, was believed to be determined by its parallel reactions with H,O and OH ™.
Meanwhile, the critical roles of CO}~ ions were analyzed in great detail. Firstly, the interaction between
H" and CO: directly promoted the absorption of CO,; secondly, the concentration of OH ™ ions in
solution was increased as the decrease of concentration of H" ions. The latter indirectly accelerated the
reaction rate between CO, and OH~ ions. A dual-drive reactor was used to study the gas-liquid mass
transfer process in H,0 — CO, system and the main conclusions were as following: when the gas phase
stirring rate reached above 140 r/min, the mass transfer resistance of the gas film can be negligible;
based on the linear regression analysis, the relationship between the liquid mass transfer coefficient and
the speed of liquid phase stirring paddle was verified and the regression correlation was obtained. By
calculating the residual, the maximum value was 11.312% , and the correlation was considered to be
robust.
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Fig.1 Process flow chart of carbon dioxide gas
absorption measurement
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Tab.1 Heat of formation and formation free enthalpy of each component (101. 325 kPa,298.15 K)  kJ/mol
Z¥ co, H,0 Cco3~ HCO; H,CO, OH - H*
4 L AH] -393.5 -285.8 -677.1 -692.0 -699.6 -230.0 0
AR B AGY -394.4 -237.1 -527.6 -586.8 -623.1 -157.3 0
F2 BEMIREHANFESH
Tab.2 Thermodynamic parameters of each individual reaction
S8 R (1) KR (2) SRiaR (3) SR (4)
AH?/(kJ-mol™") -20.3 -68.5 7.6 -12.8
AG?/(kJ-mol ") -1.6 36.3 -59.2
Kyog 1.906 9 1.4112 x 10° 4.3668 x 1077 2.3549 x 10"
Kss 0. 809 3 7.8269 x 10* 6.0189 x 1077 1.3718 x 10"
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Tab.3 Absorption time and volume at different stirring speeds

SABBEPERE T n/ (romin™h)

40 60 80 100 120 140 160 180 200
W i Bsf (7] 2/'s 84. 82 83.73 78.52 73.34 69. 43 68. 32 69. 21 68. 45 68. 43
% AR V/mLL 5 5 5 5 5 5 5 5 5
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Tab.4 Relationship between liquid phase stirring speed n;, and absorption time : at a certain absorption volume

WOAHTEREHE 3 ny /(romin ")

B
20 40 60 80 100 120 140 160 180 200

Wz S AR R V/mL 5 5 5 5 5 5 5 5 5 5
W WLt [a] t/s 172.9 133. 04 103.7 86. 16 74.59 66. 81 54.07 50.29 45.49 40. 82
FE59% 140 r/min, Mo, Neo,  Meo,M,
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Tab.5 Relationship between liquid mass transfer coefficient k;, and liquid speed n
VAR LSS ny / (romin ™) 20 40 60 100 120 140 160 180 200
TETRAK k, /(pmes™") 7.56 9.95 12.76 15.35 17.73 19. 80 24.54 26.31 29.08 32.42
2.3.3  WURHAR AR KR [ - kL we
. . P . - Lx;y:lnf,azln(A( ) ),xz
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Tab.6 Data of k| regression calculation at different liquid stirring speeds n,

TRARGEHE L 0y / (romin™")

i 24
20 40 60 80 100 120 140 160 180 200
X 7.2140 7.9070 8.3130 8.600 1 8.8240 9.006 0 9.160 1 9.2940 9.4110 9.5171
Yi 5.6230 5.8851 6.1343 6.3195 6.463 6 6.5738 6.7854 6.8580 6.958 3 7.066 6
Xy 40.565 0 46.536 0 50.993 0 54.3510 57.0320 59.2030 62.1550 63.736 0 65.4870 67.2511
¥ 52.0418 62.5206 69. 106 0 73.968 6 77.8559 81.108 0 83.907 4 86.378 4 88.5669 90.5752
F6h, Y x,=87.2463, Y y, =64.6675, E L BRZE
ky -k
Y xl =766.0258, Y xy, =567.309 1, E, =%x100%
L,cal
\y a2, ~, >, ZH e
KRR ARAR(17) 1% 7 s L
10a +87.246 3m =64. 667 5 D,
(20) 6y =7—
87.246 3a +766. 025 8m =567.309 1 ky
#1530 =0.9932,m =0.631 1, Rk, —— AR R R B 5 (A
PR om =0.631 1,4 =0.113 3, 5 J5 k, [ WRARINER T Pros. b3R8 aT A, 78
117 B g HEFBEFE #9140 o/min 1, 850 T BR824
“ L, " {HN 11.312% H ARG, IR ZH /N T 10% , [H L
L L LML
p, T3 (pLDL) ( s ) e g
RT AEABREEHEETHERRAY RERRERE
Tab.7 Calculation values of mass transfer coefficient %, ,, error £, and thickness of liquid film §,

at different liquid phase stirring speeds n,

WARBEPERE 3 0y / (romin ™)

ZH 20 40 60 80 100 120 140 160 180 200
b s 7.0860x 1.0975x 1.4175x 1.6997 x 1.9567 x 2.1953x 2.4197x 2.6324x 2.8355x 3.0305 x
el LS 10 ¢ 103 103 1073 103 103 103 103 103 1073
5 2.498 x 1.613 x 1.249 x 1. 041 x 9. 050 x 8. 060 x 7.320 x 6.730 x 6. 240 x 5. 840 x
v 10-* 10-* 10 ~* 10°* 10°° 10°° 10 -° 10°° 10° 10°°
1R/ % 7.998 -9.366 -9.978 -9. 647 -9.352 -9.788 11.312 -3.635 2.588 6.967
" T 125 IV L UL T L3 DA i CO, Wi it L
3 &g .
J CO;™ BEFMEM.
(Uﬁﬁb“z@a%ﬁf'%l& CO, [ Vi W #8 J7 22 % i (3) 3L F UL B e, 78 WK 2l KW A H % i i
THESE, BEAT T 00T SN B T %EL‘HT4Z$4JQ B At FEREAT T AT, 4 SAHF% 3 35 5] 140 r/min S
ﬂjfii%o b SEYTHOE S AT Z B N1 5 IRl S T VR AR

(2) MR P B R R T COo, MR ARG B FE Z W B 5 & ol A RA 1A DL Y
BEALEE, SAERBR M CO, SN R A B OF BRI AR LTI R 2 O IO R AT
z £ x #
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